The arch or inverted arch signals are characterizing patterns of the Respiratory Sinus Arrhytmia. The abiliry of any model in generating these patterns can be a good criteria for their selection. We show that using ?he ridal volume signal as the input of the model, an alternative to the IPFM can be pmposed. The relevance of our model is shown with synthesized and real signals.
Introduction
It is commonly admitted that the IPFM model is a possible model for the generation of the R waves time
Occurrences tr. The use of the outputs trs for the frequency analysis of the heart rate variability has been studied in detail in several papers. The latest [I] , 1' 21 gives some recommendation in using these outputs in order lo reduce or cancel the distortion of the spectrum. The problem of the choice for the model input is not usually addressed and is simplified using a single or a sum of cosines but not a real physiological signal, the respiration for instance. Since the Respiratory Sinus Anhytmia (RSA) is one of the most important component of the heart rate variability it is straightforward that effort should be made in taking the respiration as an input of the model. In the last CinC we have proposed [31 a model for the generation of the R waves:
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where C2COB(C3t + q) is an external modulation. It will be shown in the following paper that similarly to the IPFM model a time Occurrences generator, called PFM model, can be deduced from the expression (1). The condition for the correct use of the heart period signal defined as hp(k) = t k + l -tl: will be also given. The aim of this communication is to compare these two models regarding their ability to mimic the RSA when a real or a synthetic respiration signal is used as the input of the model.
It has been shown that the repetitive pattern of the RSA can exhibit different shapes [4] depending on the subjects and experimental conditions. These shapes could be compared to arch or inverted arch and will be designated consequenlly. Since this shape analysis is a step forward compared to classical frequency analysis we will check whether the PFM or the IPFM can exhibit these patterns under some artificial experimental conditions. We will close this communication presenting a real case. This case compares the outputs obtained from the two models, using the recorded respiration volume as the input, to the measured heart period signal from the real ECG signal.
Models definitions and properties
Starting from the R-waves generator defined by (I) 
This is an approximated solution in the simple case that the modulating function is a single cosine. It can be shown that it is an acceptable solution when the condition:
is verified.
calculated by hp(k) = tt+l -t k and is finally:
From (3) the heart period signal can be 
The validity condition (4) is then
From (6). we conclude that the magnitude A of the hp(k) variability is a function of the magnitude c2 of the modulation, the mean heart period T and the frequency of the variability f v and is given by:
In fact, the modulation function is ml (t) = q m ( c 3 t + q ) and appears in (2) using (8) as:
This equation is similar than those from the IPFM model [I] which is:
Since on the contrary to (10) the modulation function is not integrated in (9) we will call PFM model the expression (9). When choosing for the modulation function in (IO) the expression:
it can be shown that the corresponding magnitude of the variability under the PFM model assumption is:
This result can be compared to (8) where the PFM model is used. It is clear that these quantities strongly differ and will help us to understand the results from the simulation section. This difference is certainly important under dynamic conditions where the mean heart period T is considered as time varying. This more realistic condition can be addressed using the PFM model since replacing c1
by cl(t) in (1) gives the equation:
The calculation of hp(k) from (13) is tedious and can be achieved using the instantaneous pulsation p l ( t k ) defined by:
Which is approximated by:
Since the definition of hp(k) is hp(k) = t k + 1 -tr. we deduce from (1 5):
After some simplifications we finally get:
leading to a definition of the "instantaneous" mean heart period T ( t k ) :
From this result we can conclude that on the contrary to the "instantaneous" mean heart period which is a function of the instantaneous pulsation f l l ( t k ) , the time varying sampling frequency is a function of cl(tk) what is unexpected. It means that when the time varying mean heart period is estimated from the real €IF' signal, using a low-order polynomial fitting for instance, the frequency of the variability should not be directly converted from the quantity T ( t k ) [31.
We have shown in this section that a new modelling of the heart period can be proposed from the PFM model. The results differ from the IPFM model outputs concerning the magnitude of the variability but also the phase. In order to illustrate these differences we are going to compare the two approaches in simulation and real cases.
. Simulations with the arch signal
In [4]. a non linear approach has been proposed in order to analyze R-R interval time series. These authors have noticed that depending of the patient, the clustering of the heartbeat could be either at long or short R-R intervals. These two patterns will be called arch or inverted arch signal because of the global shape. Since the output of the competing models is expected to exhibit the RSA, the input will be assumed to be the tidal volume. Then, prior to simulate the ability of the models to generate the arch signals, we are going to calculate the output of the models when the input is a simulated tidal volume signal when the condition (7) .. 7 - 
Arealcase
The ECG signal has been recorded during a paced respiration (0.1 Hz) session in the supine position. The tidal volume has been acquired through an uncalibrated respiratory inductive plethysmograph and is shown in Fig. 
7.
Note that this signal has been enhanced in order to be used as the modulating function in (1) and after choosing a constant mean heart period equal to 1.07 seconds. The HP signal from the PFM model can be compared to the real one and the output of the IPFM model in Fig. 8 where the good matching between the real HP and those from the PFM model can be observed. However a small delay can be seen in the decreasing interval of the heart period which could be caused by the distortion in the measurement of the real tidal volume. This distortion effect has been simulated in Fig. 2 . 
Conclusion
We have proposed a model for the generation of the ECG (R waves) and the derivation giving the heart period from the time of Occurrence of the waves. Using the arch signal characterizing the RSA, we have shown that our model could be a good candidate for the modelling of the heart period variability under paced respiration condition. This has been achieved in simulation but also on a real case.
